-INTRODUCTION
In a precedent paper /l/, here after referred to as I, the Mechanical Alloying (MA) process of the CuTi system was presented. A central issue in that study was the impossibility of amorphizing the system completely at compositions lower than 50 Cu at%, unless the milling container was cooled to 250 K. At room temperature, after a very early stage where the amorphous phase actually forms by an interdiffusion mechanism, the reaction path switches to the formation of CuTiz and CuTi crystalline compounds, which coexist with the amorphous fraction. It is apparent that a possible explanation for the different alloying paths must lie in different kinetic mechanisms which become operative by changing the reaction temperature.
Unfortunately, the experimental check of kinetic phenomena is a quite difficult task owing to the particular morphology of the processed powders which hinder the local probe of their structural conditions at the interphase. Nevertheless, as it will be shown in the present work, some useful hints on the various diffusive mechanisms which sustain the alloying reactions in the CuTi system, can be gained from the intermediate products which develop during annealing treatments after different stages of MA. Accordingly, the present paper is specifically addressed to detect and to identify the particular phases which form first and that, in their turn, depend on the nature of the initial kinetic events at the continuously renewed clean interface.
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2-EXPERIMETAL METHODS
The reader is referred to paper I for details on alloy synthesis, apparatus employed, X-ray characterization and thermal analysis. We remind briefly that several compositions were synthesized by MA of pure crystalline Cu and Ti elemental powders quoted as Cu,,, Cu5,, Cu6,, and Cu7, which evidence the Cu at% content. Moreover, the CU,, composition was milled by keeping the vial at room temperature and at 250 K respectively. Samples milled at progressive times were sealed in glass vials, under an argon atmosphere, and thermally treated 1 h in isothermal conditions at different temperatures.
-RESULTS AND DISCUSSION
A general behaviour was found common to all the examined compositions: short milling times (1-2 hours) produce sufficient intermixing to complete the alloying reactions when the specimens are isothermally treated l h at 823 K. In fact, Cu and Ti diffraction lines, when present in the as-milled powders, are almost completely lost in the fully crystallized samples. Therefore composition modulated structures develop from the beginning, pointing out that each powder particle has been already involved in several collisions in agreement with the model of Davis et al. /2/. Moreover, the equilibrium crystalline intermetallics depend on the experimental milling condition besides the mixture composition. Let us now discuss these items in detail.
As far as the Cu7,Ti3, sample, milled as long as 16 h and treated l h at 823 K, the following intermetallics can be indexed in the X-ray pattern: orthorhombic Cu,Ti, Pnma, JCPDS 20-370 /3/, traces of tetragonal Cu4Ti3, I4/mmm, JCPDS 18-460 /3/ and the cubic form of CuTiz, CCoW3 type /4/, which is probably stabilized by oxygen. The absence of equilibrium tetragonal CuFi,, JCPDS 18-459 /3/ is noticeable. The crystalline phases which develop at intermediate milling times and/or different annealing temperatures can be reconducted to the compounds quoted above even if some weak lines remain not indexed.
A similar behaviour was observed for the Cu6,Ti,, sample after 16 h of milling and 1 h at 823 K. An overlapping of crystalline peaks characterizes the X-ray pattern and a spread of intermetallics, almost encompassing the entire amorphization range, as Cu4Ti, traces of Cu4Ti3, tetragonal CuTi P4/mmm, delta-phase JCPDS 7-113 /3/, tetragonal CuTi, Si02-type, 14/mmm, JCPDS 15-717 /3/ and the cubic CuTi, can be indexed. No heat treatments were performed at intermediate milling stages.
The structural transformations induced by various isothermal annealings of Cu5,Ti5, milled 2, 4, 8 and 16 h are depicted in Figure 1 . The heat treatment appears of little relevance up to 493 K, then (at 573 K), different structural conditions are detectable depending on the milling time. Samples milled 2, 4 and 8 h still show Cu and Ti lines, and in the angular range between their main signals two new peaks arise relevant to the tetragonal gamma-CuTi compound, P4/nmm1 JCPDS 7-114 /3/ which contains an excess of Ti respect to the equiatomic composition /5/. Moreover an increasing fraction of amorphous alloy is also present which becomes the predominant phase in the sample milled 16 h. It can be also noted that the maximum quantity of gamma-CuTi is present after 4 h and, conversely, gammaCuTi is absent in the pattern of 16 h milled sample. The presented behaviour is significative of various reactions. In fact we infer that the observed gamma-CuTi does not form, at this temperature, from the amorphous fraction, i.e. it is not a crystallization product, rather it develops by an interdiffusion reaction in intermixed particles. The population of these "multilayered-like particles" must achieve a maximum since the refinement process evolves to the full amorphous condition: this maximum is observed between 4 and 8 h. This interpretation is substantiated by the behaviour of specimens treated at 823 K. At this annealing temperature the patterns of the samples milled up to 8 h are similar and essentially characterized by gamma-CuTi. The 823 K pattern relevant to powders processed 16 h is different. The CuTi crystalline compound is now identified as the tetragonal Cu enriched deltaphase /5/.
K
Moreover Cu,Ti, and traces of CuTi, are also present. These results can be explained by considering the Cu atoms as the faster moving species so that at the beginning, titanium rich modulated structures are formed. In this initial stage the alloying reaction is still incomplete and its accomplishment occurs during the annealing treatments because of thermal assisted diffusion: the final crystallization products are therefore reminiscent of the initial Ti rich condition at the interface of the composite powders. After 16 h of milling, the refined powders look X-ray amorphous which means that the alloying reaction is almost completed during the milling treatment. The thermodynamic driving force for the alloying is no more present and the transformation path during heating is now relevant to only the long range order establishment. So the observed crystalline phases reflect compositional fluctuations existent in different regions of the particles /6-7/.
DSc analysis strongly supports this view. As an example we compare in Figure 2 the heat flow from the samples milled 2 and 16 h. For the former (left curve) it is clearly observed that the transformation path is a twostage process: the first exothermal signal is attributed to the formation of the amorphous phase in incompletely reacted parts of the sample /7/, the second peak is due to crystallization. Only the crystallization step is discernible in the sample milled 16 h. It is worth while to remark the close similarity of the reaction path occurring in the sample ball milled 2 h with the solid-state reactions observed in multilayered thin-film of elemental metals /8/ as far as thermal patterns are concerned.
CuSo milled 4h
CuSo milled 16h As it can be observed in Figure 3 , left side, after 2 h of milling, the as-milled powders (bottom curves) show different X-ray patterns pointing out that the alloiing reaction is more advanced in the specimen processed at room temperature. This difference is enhanced by the subsequent annealings: at 623 K a mixture of CuTi, and gamma-CuTi compounds is already observed in the powders processed at room temperature whereas, at 250 K, elemental Cu and Ti are still present with unresolved peaks. At 823 K (upper curves) the crystallization process leading essentially to CuTiz and CuTi is accomplished We do not know if the crystalline CuTi nuclei actually form as it can probably be inferred from the observed annealing behaviour; in any case they must be in undercritical conditions and must dissolve within the observed growing amorphous phase. This situation is better described by aid of Figure 5 where the free energy curve of metastable CuTi is depicted together with the free energies of the crystalline intermetallic compounds /4/ of interest here. A detailed discussion on the evaluation of these curves has been given in /lO/. When both CuTi, and CuTi intermetallics are present in the early stage of milling, as it occurs in the milling process carried out at room temperature, the amorphous phase is greatly disfavoured (point 1 in the figure) and the amorphization can occur through a process similar to that observed during grinding of an intermetallic mixture /g/. This needs long milling times in order to introduce enough chemical and structural disorder to rise the free energies of intermetallics up to that of amorphous phase. As presented in paper I, the amorphous phase actually forms in sequence to the intermetallics after 32 h of milling.
When the formation of CuTi, is hindered or kinetically limited, as it is sustained by the present results at low milling temperature, a different condition occurs. This can be evaluated from point 2 in the Figure. It appears that the amorphous phase formation become thermodynamically more competitive with the crystalline one when a diffusion reaction starts at the clean interface.
